Molecular analysis of maturation processes by protein and phosphoprotein profiling during in vitro maturation of bovine oocytes: a proteomic approach.
Cellular maturation and differentiation processes are accompanied by the expression of specific proteins. Especially in oocytes, there is no reliable strict linear correlation between mRNA levels and the abundance of proteins. Furthermore, the activity of proteins is modulated by specific kinases and phosphatases which control cellular processes like cellular growth, differentiation, cell cycle and meiosis. During the meiotic maturation of oocytes, the activation of protein kinases, namely of the MPF and MAPK play a predominant role. Therefore, the present study was performed to analyze meiotic maturation at a molecular level, concerning alterations of the proteom and phosphoproteom during IVM. Using a proteomic approach by combining two-dimensional gel electrophoresis followed by selective protein and phosphoprotein staining and mass spectrometry, we identified proteins which were differentially expressed and/or phosphorylated during IVM. Furthermore, we used the MPF inhibitor butyrolactone I, to reveal new molecular effects which are potentially essential for successful maturation. The results show that approximately 550 protein spots could be visualized by the fluorescent dye Sypro ruby at any maturation stage (GV, M I, M II) investigated. From GV stage to M II, ProQ diamond staining indicate in GV 30%, in M I 50%, and in M II 45% of the spots were phosphorylated. The Identity of 40 spots could be established. These proteins belong to different families, for example, cytoskeleton, molecular chaperons, redox, energy and metabolism related proteins, nucleic acid binding proteins, cell cycle regulators, and protein kinases. Four of them were differentially expressed (alteration higher than factor 2) during IVM, namely tubulin beta-chain, cyclin E(2), protein disulfide isomerase and one of two different forms of peroxiredoxin 2. Seven proteins were differentially stained by ProQ diamond, indicating a differential phosphorylation. These are tubulin beta-chain, beta-actin, cyclin E(2), aldose reductase and UMP-synthase, protein disulfide isomerase 2, and peroxiredoxin 2. Furthermore, the results indicate that the phosphorylation of at least peroxiredoxin 2 respond to BL I treatment. This indicates that its phosphorylation is under the control of MPF or MAPK. In summary these results indicates that the reduction of cyclin Eexpression and the (partially) inactivation of peroxiredoxin 2 by phosphorylation, hence alterations in the peroxide levels which can mediate signal transduction are essential components for successful maturation.